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THE KOBAYASHI-MASKAWA MIXING MATRIX (Cont'd) 

par'Ion sea The most  conservat l ' . e  a s sumpt ion  that the strange- 
quark  sea does not exceed the ~alue cor responding  to an SU('~) 
s y m m e m c  sea leads to a lov, er bound 14 [ I t~ ] : -0  50 h )s more 
advan tageous  to proceed ana logousb  to the method  used for 
extract ing I Ius I from Kc3 decax, namely  v,e compare  the experi- 
menta l  value for the 'o.~dth of  1)c3 decay v,~th the expressmn 16 that 
follows from the s tandard  weak mte racuon  a m p h t u d e  

l , ( l )__, . /~=e~Ue)_ i f 1 ) ( 0 ) 1 2 1 1  . 1 2 ( 1 5 4 , , 1 0 i l s e c  I) (9) 

Here l D+ ((PD .t,~ I ' )  ts the t e rm factor for l) t~ deca', wh¢cb ts the 
analogue ot t + ( ( p h  - p, . )-)  tor k t 3  deca~ )Is va rmuon  has been 
taken into account wlth the parametr l la lmn 
t .D( t ) / fD(o)  = ~12,,(I/2 t )  where I I  = 2 ] GeV the massof  
the Ds', a form and mass cons)stent ~)th Mark - I l l  measurements l'r 
( o m b m m g  data on branching ratms for I ) ,~  deca}s l'r 18 with accu- 
rate values 19 for 7" and 7" 0 gives the value 

II  I ) -  I I )  
( 0 7 8 - 0 1 I ) " 1 0  s e c  for l'( l) ~ k ( "  t,(, ) Therel 'ore 

I / t ~ (0 )12 l  v 12 = o51 * 0 0 7  (10) 

W~th sufficient conf idence m a theoreucal  ca lcu lanon  of  l t l) (0)1, 
a value of  I 1 , ,  I follows 2021 but e~en v,~th the ver.~ conser~au~e  
a s sumpt ion  that I f  +(0)1 -:1 it follov,s that 

I I  s] > 0 6 6  ( l l )  

The const ra in t  of  umtant,~ when there are onl.~ three genera(runs 
g~ves a much ughter  bound (see belm~ ) 

(5) The rat~o I l ' ub . / l b  [ can be ob ta ined  from the s e m d c p l o m c  
deca~ of  B mesons  by fit t ing to the lepton energ.~ spect rum as a 
sum o f e o n t n b u u o n s  m v o l ' , m g  t~ ---,. tl and t~ --~ ~ The rclau~c 
overal l  phase space faclor bet',,.een the two processes ~s calculated 
from the usual four-fermton mte rae tmn  w~th one m a s s w e  ferm~on 
(c quark  or u quark)  m the final state The ,.alue of  this  factor 
depends  on the quark  masses  but ~s roughl,, one-ha l f  The lack of  
obser ' . a tmn of  the h~gher m o m e n t u m  leptons character is t ic  of  
t) --) u ¢'u--~ as compared  to h --,~ ¢'57. has rcsulted thus far o n b  m 
upper  l imi t s  ~.h~eh depend on the lepton encrg.~ spect rum assumed  
for each deea~ 2 1 2 2 2 3  Using the lepton m o m e n t u m  regmn near 
the end-poin t  lbr t) -..( ¢ut and taking the c a l c u l a t m n -  ot the lep- 

M 
ton spect rum that glxes the least res tncm,  e l imi t  results in- 

I luh ,/l'tt , I < 0  20 (12) 

A lower bound on I 1 uh I can bc es tabhshed from the observa-  
t ion 25 of  exelusv.e  bar.,,omc B decays rote p p r  and  p[irrr which 
mvo tve  h --* u + du at the quark  level A chain  of  a s sump t ions  on 
the relat~'.e phase space, the fraction of  the quark- level  process 
which hadromzes  rote b a o o n t c  channels  and the fraction of  those 
that  occur m the observed modes  ~s reqmred No other  channels  
that  reflect h --.-u at the quark  level ha~e been observed 26 (.h~en 
lhe b ranch ing  f raeuons  of the two observed modes  a reasonable  
lower hm~t ~s 25 

I Iut,/l~.t,I > 0 0 7  (13) 

(6) The  magni tude  of  l'~b )(self can be de te rmined  ff the meas- 
ured semt lep tome  bo t tom hadron part ial  width ~s a s sumed  to be 
that  o f a  h quark  decaying through the usual 1 - -I interact(on 

G[:mb F(h ~ c~U-¢-) BF(b ~ c¢'~],) ~ 5 
- - -  l " ( m  /mhJllet) l-,(14) 

7"t) 192r  3 ' 

where 7/, ~s the h hfet~me and t - ( m  ./m h) ~s the phase space factor 
chosen as 0 45 Using an average semt lep tome  branch ing  fraction 
BF measured  m the c o n t i n u u m  of  27 12 I + 0 8°4, (which from 
Eq (12) ~s BF(b ---,, cg~-t-) to w~thm 10%), a world-a~.erage bo t tom 
hadron hfe t lme 28 of(1 18 _+ 0 14)× 10 12 sec. and  m h between 4 8 

and 5 2 GeV, we get 

I l d ,  I -- 0 0 4 6 _ ' 0 0 1 0  (15) 

Most of  the error quoted m Eq (15) is not from the exper imenta l  
uncertamt} in the ~alue of the t) hfe tmle  but m the theoretical 
uncer ta int ies  )n choosing a ', alue of ml, and in the use o(" the quark  
model  to represent mclusi',el.~ semi lep tome de,.ass wh)ch at least 
for tile H meson are domina ted  b.', a li:v, exclus),.e channels  We 
ha,,e made  the error bars larger than the) arc somet imes  staled to 
reflect these uncertamt}es (he,, include the central '.alues obtained 
for I I ,t, I b.'. using a model for the exclusv, e final states m sern- 
dep tomc  B deca+~ and extract ing [ I ,t, [ fi-om the absolute v,.~dth (br 
one or more of them 21 23 29 

The results for three gencra tmns  of  quarks,  from Eqs (5). (7), 
(8 ) , (11) . (12)  (13), and (15) p l u s u m t a n t ' ,  a r e s u m m a r l , ' e d  r a t h e  
matr ix  m Eq (2) The ranges gwen  there arc different from those 
glxen in Eqs (5) ( 1 5 ) ( b e c a u s e o f l h e m c l u s l o n  ofumtarl t . ' . )  but 
art" consistent v, i lh  the one-standard-dc~ lat lon errors on the i npu l  

matrix elements 
The data do not preclude there being more than three genera- 

tmns Moreo,.er, the entries deduced from umtarlt ' ,  mtght be 
altered v, hen the K - M  matr)x Js expanded to accommodate more 
genera t ions  (on,,erseL',.  lhe known e n m e s  restrict the possible 
,. alues of  a d d m o n a l  e lements  ff the matr ix  Ls expanded to account  
for a d d m o n a l  generat ions For example  umtant ' ,  and the known 
e lements  of lbe first row reqmre thal an} a d d m o n a l  e lement  m lhe 
first row h a ' . e a  magmtude  ] lu/ .  1 " : 0 0 7  When there are more 
than three genera(runs, the al lowed ranges (at 90% ( L )  of the 
matr ix  e lements  connect ing the first three generat ions  are 

0 9 7 2 9  to 0 9 7 6 0  0 2 1 7  to 0 _ _ 3  0 0 0 3  to 0 0 1 0  

162 to 0 2 3 0  0 6 5  to 0 9 8  0 0 3 0  to 0 0 6 2  

tO 0 [5 0 tO 0 7 1  0 tO 0 9 q 9 5  (16)  

where we have used u n a a n t y  (for the expanded  matrix)  anti 
Eqs ( 5 ) . ( 7 ) . ( 8 ) . ( 1 1 ) , ( 1 2 ) ( 1 3 ) , a n d ( 1 5 )  

Fur ther  mfo rma tmn  on_the angles reqmres theorchcal  assump-  
t ions For example• B d - B  d m~xmg, d~ t  or iginates  from short- 
d~stance c o n t n b u t m n s  to A ~/B domina ted  b,. box dmgrams m,,ol,.- 
mg virtual t quarks, gives informatlon on I ib  [ l~l once hadromc 
matr;x elements and the t  quark mass are known 30 .\ s)mdar 

comment holds for I th Its and B~ - I~ mlxmg 
CP-vlolatmg processes wd] revolve the phase m the K-M 

matrix, assuming that the observed (7' ",)olatmn )s solel) related to 
a m)nzero ~a lueof th tsphase Th~sal lowsaddmonalcons l ramts lO 
be brought to bear More speclfieall,,, a necessary and sufficient 
condmon for ( P ~)olat)on w)th three generat)ons can be formu- 
lated m a parametr)zalmn-mdependent manner )n terms o f  the 
de te rminan t  of the c o m m u t a t o r  of  the mass  m a m c e s  (br the charge 
2 e / 3  and charge - ¢ , / 3  quarks  31 ( p . , .m la tmg  rates or dlfl 'erences 
of rates all are p r o p o m o n a l  to a single quanta, .  ,..,htch )s the pro- 
duel  o(  factors s 1-)'; i ] ' , n ] (  i-)l'i'~Cna~,, In the exp l i c i t  parametr lza-  

t lon of  Refs 3 a n d  4. and is si-.s233Cl(2 (3D) In that of  Re(  I 
Whde  hadromc matr)x e lements  whose xalues are imprecisel.'. 
known now enter,  the const ra in ts  from (7 '  ~.mlatmn m the neutral 
kaon system are ugh( enough that there may be no so luuon  at all 
for ce r iam quark  masses,  ~ alues of  the phase, etc 30 
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QUARK MODEL* 

A QUANTUM NUMBERS 

Each quark has spin I/2 The addmvc quantum numbers (other 
than baryon number = I/3) of the knov.n (and presumed) quarks 
are shown m the table 

Quark type (flavor) 

Quantum number d u ~ ( I h t 

P I 2 I 2 I 2 
3 3 3 3 3 3 

..l_ +_1 0 0 0 0 
2 2 

0 -- electric charge 

I z isospln z-component 

S strangeness 

C - -  charm 

B .... bottomness 

T -- topness 

0 0 - I  0 0 0 

0 0 0 *1 0 0 

0 I 0 0 0 -1 0 
L 

0 0 0 0 0 -1 

With these conventions an'. fla,,or carried b'. a charged meson has 
the same sign as the charge e g . t h e s t r a n g e n e s s S  of the K" is +l  
and the bottomness [3 of the B* ~s - I  

B. MESONS 

Nearly all known mesons can be understood as bound states of 
a quark q and an antlquark 0-' (the fla`.ors o fq  and q'  ma~ be dif- 
ferent) If the orbital angular momentum of the qq' state is L then 
the parity P = ( -  1) L 4 I A state qq- of a quark and its ov, n anti- 
quark is also an eigenstate of charge conjugation wnh C = 
(-I)1"*"" where the s p i n s  = 0 o r  I The L = 0 s t a t c s a r e t h c  
pseudoscalars JP = 0 .  and the `.ectors. JP = 1 See the table 
on the next page States m the "'normal" spm-parit.`, sencs. P = 
( -  1) J, must. according to the abo`.e, ha,,e S =1 and hence ( 'P = 
- 1 Thus mesons `.,,)th normal spin-parl!~ and ( P  = - 1 are for- 
bidden in the q~" quark model The j l ' (  = 0 state is forbidden 
as v.ell Mesons with such JP(" could exist, but would hc outside 
the qq-' model 

States with the same j l '  and addmvc quantum numbers can 
mix 0f  the,~ are eigenstates of charge conjugatmn, they must also 
have the same value o f ( ' )  Thus the physical JP = I - .  strange- 
ness S = I states, K1(1270) and KI(1400). are mixtures of the pure 
~uark-model states K I -I and KIB The ~,(377()) is a mixture of 
S I and 3D I The rt and r( are mzxtures of the SU(3) octet and 

smglet states 
For the pseudoscalar mesons, the Gell-Mann-Okubo formula is 

" I ", 
.'nr~ = ~-(4m/~ - ,n~.), 
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Standard quark-model asstgnments  for so_me of  the known mesons  Some assignments,  especlall~r for 0 + +. are controversial Note that 
only the states m the uE. dd sT, c?:. and I~b columns  and the neutral states m the I = I column are etgenstates of  charge con.lugatmn ( 

2S + I 1 jP("  ud ui}. d[l ud.  dd.  ~: 
"J 1 = I 1 = 0 

I s  0 O- + rr ~. r/' 

3.S- I I p O. w 

It,  1 1 + -  b1(1235 ) k l ( l l 7 0 )  

3P 0 0 ' "  a 0(980) f0(975) /0(1400) 

3P 1 1 - -  a 1(1260) 11(1285) (1(1420) 

3•' 2 2 ~" a2(1320) /2(1525)  / , (1270) 

ID-, 2 " ~r,(1670) 

3D 1 I " - 

3D.~ 2 

3D 3 3 [ P3(1690) ] w3(1670) 

(.~- 

/ = 0  

J ,.'¢ 

X, 0 ( I/ '  ) 

X~ i ( I / ' )  

X~2(IP) 

hF, 
/ = 0  

Xho(I P) 

Xt, I ( IP)  

3ql 

/ = 1/2 
cE, cd 
/ = 1/2 

cT 
I = 0  

1 hu, bd I = I/2 

K D D~ B 

h*(892) D*(2010) 

Xh2(IP) 

K i B  

h0(14-0)  

h i !  

K:(1430) 

ff(3770) 

h~(1770) 

K;(1780)  

assuming no octet-stagier m~xmg However.  the octet r/8 and 
smglet ;71 mix because of  SU(3) breaking The physical states r /and 
~" are given by 

17 = r/sCOS0 P - r71SmOp 

rl" = rl8smO P - rl I cOS0p 

These c o m b m a u o n s  dmgonahze the mass-squared matrtx 

M2 = Mi-~ 3ti-8 

.v ~8 .vg8 

where M28 1 ", = ~ - ( 4 m C - m ~ )  It follows that 

M 8 8  - '" 
tan20p 

m,7, - 3! g8 

The s~gn OfOp ts meaningful m the quark model If 

~8 = ( u E  * d d  - 2 ~ , :  V ' 6  , 

then the matrix element ~.1 i8, which ~s due mostly to the strange 
quark mass, ~s negatt',e From the relation 

.,1~, 8 - , , , :  
tan Op 

M i'8 

we find Of < 0 Ho'aever we note that caution is suggested tn the 
use o f  the q- r t '  m xmg angle formulas as they are extremely senst- ") ~ ") - 

tr.'e to SU(3) breaking If we allow 3/g8 = ~ ( 4 m E  - , ~7)(1 - A). 
the mixing angle ~s determined by 

tan201 , - 00319(1 ÷ 17&) 

0 I, = -101"(1  +85..X) 

to first order m A A small breaking of  the GelI-Mann-Okubo rela- 
uon  can produce a major  modfficanon of  Op 

For the vector mesons  we replace r --,. p, K ~ K*. rt --,- 4), and 
r / '  --.*- 0 ~ .  S O  

¢, = o:8cos0 ~ - w  l sm01 

w = w8 sm0 ;  • WlCOS01. 

For" tdea l  mixing," 0 = *T, tan0 t = l / V 2 ,  so 0| .  ~ 35 3" 
Experimentally, fl I t s  near 35* the sign being determined by a fol- 
mula analogous to that for t an0p  Following this procedure we 
find the mixing angles below 

Stagier-octet mixing for the pseudoscalar, vector, and tensor me- 
sons The s~gn conventions are as above The value Of 0quad ks ob- 
tained from the equations above, and 0hn ts obtained by replacing 
m2--~ m throughout Of  the two tsosmglets, the mostly octet one 
ts listed first 

j P C  Nonet Members  0quad 0hn 

0 - "  r,. A', r/. r( - 1 0 "  - 2 3  ° 

1 p, K*(892) ,  ¢. tc 39 ° 36 ° 

2'  " a2(1320), K2(1430 ), f2(1525), f2(1270) 28" 26 ° 

3 - P3(1690). K~(1780). X(1850). ~3(1670) 29 ° 28" 
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In the quark model, the coupling of neutral mesons to two pho- 

tons is proportional to : ~ Q 2  where Q~ is the charge of the/- th  
I 

quark. This provides an alternative characterization of mixing. 
For example, defining 

Amp[P --~ y (k  I)'r(k 2 )] - ,'t/(u,'~,d~ * k ( * k I~ h, 2,t _d. 

where ~ , is the ,k component of the polarization xector of the i th 
IA  

photon, one finds 

M(n--*.y"[). = I (cos0,, _ 2x,~sintgp) - 1.84 + O.I 
M ( r 0 - , . y 7 )  v'3 " \"3 - 

[ / _ M(~'-%1")') = 2V2~3 cos0/, * -~-V~ = (0.77 ,. 003)2 \ .2 /3  
M ( r  0---~ "yy) _ , - 

These data favor 0p -~ -20  °, which is compatible with the qua- 
dratic mass mixing formula with ~ 12% SU(3) breaking in .llgs. 

C. BARYONS 

All the established baryons are apparently 3-quark (qqq) states. 
and each such state is an SU(3) color singlet, a completel,, antisym- 
metric state of the three possible colors. Since the quarks are fer- 
mions, the state function for any baryon must be antisymmetric 
under interchange ofany two ofits  quarks. Thus the state is ~.rm- 
metric under interchange of the quantum labels other than color: 

I qqq )1 = I c°l°r).-I × I space, spin. flavor.. S , 

where the subscripts S and -I indicate symmetr~ or antisymmctr) 
under interchange of any two of the quarks. Note the contrast with 
the state function for the three nucleons in 3H or 3He: 

I.\',~;.~, ) l  = I space, spin. isospin).| . 

This difference has major implications for internal structure, mag- 
netic moments, etc. (For a nice discussion, see Ref. 1.) 

Fev, of the baryons containing c or heavier quarks have yet 
been discovered, so we restrict further attention to bar.',ons made 
u p o f j u s t d ,  u , a n d s  quarks. Thcthree flavors implya flavor 
SUI3). which requires that baryons made of these quarks belong to 
the muhiplcts on the right side of 

3 ® 3 ® 3 = l0  S e 8t  ! (t) 8.t / (~ I t  

(see the section on S[!(n) Muhiplets and Young Diagrams). Here 
the subscripts indicate symmetric, mixed-sy mmetr.,,, or antis3 m- 
metric states under interchange of any IWO quarks. The figure 
shows particle assignments in lhcsc multiplets. States .X 8 and .x. I 
that have the same spin and parity can mix: an example is the 
mainly octet D03 A(1690) and mainly' singlet D03 AII520). la the  
ground state multiplct, the $1 .̀:(33 flavor singlet A is forbidden by 
Fermi statistics. The mixing formalism is the same as for r/-r/' or 
q,-to (see above), except that for baryons the mass 3/ instead of 
M 2 is used. The section SU(3) lsoscalar Factors shows hov, rela- 
ti',e decay rates in, say. 10--..8 ® 8 decays ma3 be calculated. A 

summary of results of fits to the observed bar3on masses and dccax 
rates for the best-known SU(3) muhiplcts ts given in -Xppendix II 
of our 1982 edition. 2 

Flavor and spin may bc combined in a flavor-spin S['163 in 
which thesJx basic s t a t e s a r e d ' , d . ,  . . . ,  s, ( ' . .  = spin up. 
down). Then the bar3ons belong to the mult ip lets on the right side 
o f  

6 ~ 6 ® 6 = 56 S e 70 w .Q 70t/ "Q 20.j 
These SI.J(6) multiplets decompose into tla'.or 51.1(33 multiplets as 
tbllov, s: 

56 - 410 E) 28 

70 - 210 (9 48 ~ 28 e 21 

20 = 28 e a l ,  

",,,'here the superscript (25 ~ 1 ) gi,,es the net s~in S of the quarks tot 
each particle in the 51.J(33 muhtplet. The 3 ' '  = 1/2 " octet contain- 
ing the nucleon and the JP = 3/2 " decuplet containing the ..X( 12323 
together make up the "'ground-state'" 56-pier m which the orbital 
angular momenta between the quark pairs are zero (so that the spa- 
tial part of the state function is triviall3 s',mmetric). The 7(1 and 20 
require some excitation of the spatial part of the state function in 
order to make the overall state function s.,,mmetnc. States v, ith 
nonzero orbital angular momenta arc classified in 5(.'(63~O(33 
supermultiplets. F'hysical baryons with the same quantum numbers 
do not belong to a single supermuhiplet, since St '(6) is broken b3 
spin-dependent interactions, differences in quark masses, etc.: 
nevertheless, the 5Ut6)®OI33 bas~s provides a sunable framework 
for describing bar2,on state functions. 

It is con',enienl to classify the baDons into bands that haxe the 
same number .\' of quanta of excitation. Each band consists of a 
number of supermuhiplets, specified by (D,L( ' ) .  v.here D is the 
dimens~onality of the S1,)16) representation, l. is the total quark 
orbital angular momentum, a n d / '  is the total parit,.. Supermuhi- 
plots contained in bands up to .V -- 12 are green in Rcf~ 3. The 
.V ~ 0 band, which contains the nucleon and ~11232). consists 
only ofthe (56,0 u')supermuhlplet.  The.V - 1 band consists only 
of the (70.1j) multiplet and contains the negatixc-parily bar3ons 
with masses belov,, about I.q (ieV. The V = 2 band contains fi'.e 
supcrmultiplets: (56,02" ). 170.0_~ ~ ). 156.2.~-I. 170.22" ). and 120.1-" ). 
Ba~ons belonging to the (20.12" ) supermulltplet are not excr likely 
to be observed, since a coupling from the ground-state bar.~ons 
requires a Iv, o-quark excitation. Selection rules are similarl.~ 
responsible for the fact that many other baryon resonances haxe 
not been obserxed. 4 

In the table belov,, quark-model assignments are given tbr many 
of the established baryons whose $1..16)@O(3) compositions are 
relativel3 unmixed. Note that the unestablished resonances 
.V(1540) I' 13' A(1550)/'31. v(1480), v(1560), z( 1580L ~'( 177f)L and 
--(16203 in our Bar',on Full Listings are too low in mass to be 
accommodated m most modern quark models. 45 

Quark models tot baryons are extensi',el,,, rex ~e~ed in Ref. 6. 

__-° - - '0  

) 

) 
© 
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QUARK MODEL (Cont'd) 

D. DYNAMICS 

Many spcofic quark models exlst, but mosl conlam basically 
the same sel of  dynamical ingredients These include 

I) A confimng interaction ~hlch ~s generally spin independent 
is used 

11) A spin-dependent mlerachon ~s added modeled after the 
eflbcls ofgluon exchange m QCD For example m the S'- 
wave stales there ~s a spin-spin h xperfine interaction of the 
form 

111ft" = - (~5, '~l ~ (~-X "1 )t(~X, "l )t 
/ ' - ' j  

where ~.I ~s a constant v,~th umts ofenerg~ k ! 
-1 = I 8 ~s the set o f  S1,!(3) umlar.~ spin matrices 
defined m lhe "'SI, I(3) Isoscalar Factors and Representation 
Matr lces" sectlon and the sum runs o~er consll luenl quarks 
or antlquarks Spin-orbit mleracl~ons, although allo~ed 
seem Io be small 

m) The slrange quark mass ~s taken to be some~.hat larger than 
the up and down quark masses in order 1o spilt the .51:(3) 
mull~plels 

iv) In the case of isoscalar mesons, an inleracllon is needed for 
mixing qq- configurations of ddTerenl flavors (e g ,  
uE~dd.v~-)  m a manner  wh)ch is generall~ chosen to be fla- 
x'or independent 

These four ingredients prox tde lhe basic mechamsms v,h~ch deter- 
name the hadron speclrum 

Revised -Xprfl 1988 b', J I)onoghue and D M Manlcx 
I F E ('lose m Qttat~ uml .\'utleat I"otces (Spnnger-Verlag 

1982), p 56 
2 Particle Data Group, Ph}s Left 111B(1982) 
3 R H Dahtz and L J Relnders in ]lddH,l SIIII[IItIC u~ ]XtlOWll 

/tOm EIct t,,na,g, nctl¢ and Strong lnteta¢ llOn.~. I'to¢ ecdm~s ~d 
tile Iladtotl "77 ( onloence (Veda 1970) p I I 

4 N I s g u r a n d G  Karl Ph}s Rex DlS. 4187 (1978), lbJd 1)19, 
2653(1979) 1bid D20 1191 (1079),and K - T  ("hat) N lsgur 
a n d G  Karl, Phxs Rcv D23 155(1081) 

5 C P  F o r s } t h a n d R t !  Cutkosk) Z Ph',s ( ' i 8  219(1983) 
6 A J (; He', and R L Kelly, t-'h,,s Reports 96, 71 (1983) --Xlso 

see S (ias~orov, lcz and J L Rosner, . \m J Ph,,s 49 954 
(1981) 

Quark-model assignments for some of the known bar,.ons m terms o f a  fla',or-spm S[:(6) basis (')nl,. the dommanl  representation Is hsted 
Asskgnments for some states espec~all~ for ~(1810) '42350) -(1820). and -(2030), are mereb  educated guesses 

JP (D / t') .S Octet members Smglets 

I/2" (5600") 1/2 \ (939)  'L(I 116) "(1193) "--(1318) 
I /2"  (5602") 1/2 \ (1440) 'L(1600) Z(1660) V(") 
I/2 (70.1 t ) 1/2 \(1535} 'L(1670) ~£(1620) --(0) '~(1405) 
3/2 (70 1~-) I/2 \ (1520)  'q 1690) Z(1670) --V(182()) ~.( 15201 
I/2 (70 1~ ) 3/2 \ (1650)  X.(1800) "'(1750) --(") 
3/2 (70 1]-) 3/2 \ (1700)  At") v(',) _V(") 
5/2 (70,11") 3/2 %(1675) ~.(1830) Z(1775) -':(')) 
I / 2 '  (70 02" ) 1/2 \ (1710)  ~.(181()) "(1880) --(") '~{')) 
3."2" (56 2Z" ) 1/2 "(1720) ',(1890) Z(") v(") 
5/2" (56 2:" ) 1/2 ' (1680)  ~(1820) Z(1915) -(2030) 
7/2 (70.33 ) I/2 ',(2190) ~(") .~(") -(") 'L(2 I00) 
9 / 2 -  (70,33 ) 3/2 .\ (2250) '~(") "(") E(") 
9,'2 " (56,4,:") I/2 .\ (2220) k(2350) "(") --'(") 

Decuplet members 

3/2" (56,00") 3/2 .5(1232) E(1385) --(15301 L~(1672) 
I/2 (70.1 {-I I/2 .5(1620) ,,,-to) Z(") ~.2(") 
3.-2 (70,1 k ) I/2 .5(1700) L('~) Z(") !2('~) 
5./2- (56.22" ) 3/2 .5(1905) "(") E('~) L)(") 
7 /2"  (56 22" ) 3/2 .5(1950) "-(2030) --(") LT') 
I I / 2 -  (56 47" ) 3/2 .5(2420) L(") E(") LT') 
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MONTE CARLO PARTICLE NUMBERING SCHEME* 

Most particle ph.',sics Monte  Carlo and analysis  s.,,stems use a 
number ing  scheme to represent particles The lack ofs tandard~za-  
non of  such schemes  inhibi ts  interfacing d~fferent programs The 
fi>llov, mg table proposes a s tandard  number ing  scheme Some of  
the propernes  ofth~s scheme are 

I Quarks  and leptons arc ordered b.', famfl',, and '*~thln the Cam- 
ft.', b.', isospm Th~s puts Ihe u and d m the opposi te  order  
than ~soften used m other  n u m b e r m g s c h e m e s  [n our  scheme 
we call the hlghesl numbered  quark  the hea', ~est quark  

2 For mu lnp le  quark s>stems (mesons.  bar.,.ons and d~quarksL 
the n g h m m s t  digit  is generall,, 1. - 21 • 1 (The k,~ I and &/[: 
are e x c e p t i o n s  ) 

3 Mesons are represented b', the form \ II1. and bar>ons b.'. 
\ t l l x l .  ~,herc \ t /  and A are quark numbers  

4 For these s ' .s tems the hea',~esl quark  ~s usuall,, cm the left and  
the quarks  arc m decreasing mass order  from left to nghl  One 
exceplmn t o t h ~ s c o n x c n l m n  ~sthe A/LJk~ ~paw . \ s e c o n d  
excepnon ~s lot  the ",.'s tbr ',a, hlch v,,e m' ,er l  the up and down 
quarks  to d i s t lngmsh the k from the ..0 

5 The other cx~.cpnon to this  mass  order  rule ~s for some \ "s 
and k ' s  For .V's the u and d quark  are rc' ,ersed for spins 3/2 
and 7.,'2 For ~ s the5 are re ' .ersed R)r spins I /2 and 5/2 The 
quarks  arc m the normal  decreasing order  v, hen 1 t .I ~s odd 

6 Mesons  and onl.', mesons  ha' ,e Ihe thtrd dlgH nonzero and lhe 
fourth dlgH zero O.\'e designate the ngh tmos l  d~gtt as the first 
dig~t ) 

7 Only bar.,,ons and d lquarks  ha,.e the fourth digH nonzero 
8 Onl.,. quarks  and  d tquarks  ha' ,e the second dlgn equal  to zero 
9 Particles ha ' ,e  posm' , e  numbers  each ant ipar t ic le  has the ncga- 

t l ' , e  o f  i ts c o u n t e r p a r t  
10 The parncle-ant ,par t lc lc  con ' , en tmn ~s the one used b~ the 

Particle Data Group  so that the k " and B" are parneles  
I I The abo' ,e  rules impl,, thai for mesons  (as opposed to an t>  

mesons)  v, hen the number  of  the leftnlost (hea', rest) quark ~s 
e',,en it is a quark  and ~hen  the number  of the leftmost quark  
ts odd ~t ts an anuqua rk  

12 T h e g l u o n  has t',,o numbers  l t soff ic ,a l  n u m b e r , s  21 t o p l a c c  
it v, ith the other gauge bosons Its number  ~s also 9 so that a 
glueball ts speclficd as 99 

13 The fifth digtt is used to d l t tbrenhate  different particles v, lth 
the same quark content  and spin 

14 Although lsospm ts not mainlY'st m this scheme there is some 
lsospm content  Mesonsv,~th l l J  a re~sospm I and t h o s e ~ t h  
22.1 are ~sospm 0 For nonstrange bar ' ,ons ff the quarks  are m 
the normal  decreasing order then / - J ~s odd otherv.~se 1 - ./ 
~s e' ,en [l a strange baryon does not ha' .e the normal  decreas- 
mg quark  order i l h a s /  - 0 

More details  about  the molp, auon  behind and propcrncs  of  
this scheme can be tbund m Ref 1 Mthough th~s scheme has the 
ad, ,antage that a parucle 's  number  has cons,derable ph',s~cs con- 
lent  ~t has the dtsad ' .antagc that ~t ts n o l c o m p a c t  ,~n a l g o n l h m  
that t ranslates thts scheme mto a more compact  schcnlc is needed 
for its mlp lementa t ton  Contact  the Berkelex Parncle Data Group  
tot  further mlormat ton  on such an algori thm 

4 hst of parncle numbers  follov, s 

% n t t e n  .-kpnl 1988 b> G R L.,,nch and T ( i  T n p p e  
1 T G lr~pl:x" and ( i  R L.',nch Parncle I I) Numbers  Deca.~ 

Tables and Other  Possible ( ' o n t n b u t m n s  o f  the Particle Data 
G r o u p l o  Montc Carlo .Standards 1.BI.-_4_8, m 
O/ I/lC II ot,~',Jlo/) ¢~ll I)CICc lot  .g;llnll/dllOH /¢~t [hc  "~ %¢[. (&ugus I  
1987) 

E L E M E N ' I A R Y  I ) I Q U A R K S  
P A R T I C L E S  

d d  I 1103 

Q u a r k s  u d  0 2 1 0  I 

d I ud I 2103 

1¢ 2 uu  I 2203 

3 ~d o 3101 
c 4 
b 5 3d I 3103 

t 6 ~u 0 %201 

~u I 3203 

Leptons 

l, c I 2 

1',~ 14 STABI .F  .MESONS 
v r 16 
e II ,'r" 211 

u 13 ;'r ° I I I 

r 15 O 221 

K " 321 

Gauge  and K" 311 

HIggs Bosons A ~ 310 

• ", 22 K~ ~ 130 

II ' 24 D " 41 I 

Z "  23 D ° 421 

.¢ 21 and 9 D~- 431 

I I i  ~ 25 D~ + 433 

I I !  ~ 35 B " 521 

I t~  I 36 B u 511 

H "  37 

O T H E R  M E S O N S  

l'(770) " 213 

p(770) 0 I ] 3 

,,.'(783) 223 

,1'1958) 331 

t o(975) 10221 

a o(98()) 10211 10111 

q,(10/fl) 333 

h l ( l 1 7 0 )  10223 

/,1(1235) 10213 10113 

a 1(1260) 20213 20113 
I-,(1270) 225 

~(1280) 20221 
I ~(1285) 20223  

,"r( I 3(K))  20211 2 f l l l l  
ad1320) 215 115 

l n(1400) 3(122 I 

I i (1420) 30221 

~(1430) 40221 

t ' , (1525) 335 

t 1(15301 40223 

I o(1590) 50221 

,.,.'3{ 16701 22v 

uq  1670} 10215 10115 

4R 16go) 10333 

/,3(1690) 21"7 117 

p(1700) 30213 30113 

141720)  10225 

I .(2010) 20225 

14(2050) 229 
I .,(2300) 30225 

I ,(2340) 4o225 
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MONTE CARLO PARTICLE 

O T H E R  M E S O N S  (Cont'd) 

r/t ( I S ) 44 I 
j./4115;) 443 

X, o( I P)  10441 

x, i 1"1/' ) 10443 

k, 2 ( I P ) 445 

~12.S'} 2O443 

~137701 30443 

¢(40401 40443 

¢(4160) 50443 

~144151 60443 

T(I S') 553 

XI, o(1P) 551 

X/,I(1P) 10553 

Xl, 2 ( 1 P ) 555 
T(2S) 20553 

Xh0(2/ ')  10551 

xt, i 12/') 7,0553 

X/,2(2P) 10555 

T(3S') 30553 

T(4S ) 40553 

T(I0860) 50553 

T(11020) 60553 

K*1892) " 323 

K*(802) ° 313 

K1112701 10323 10313 

KI(1400)  20323 20313 

A*(1415) 311323. 31/313 
" *  

h O ( 1 4 . 0 )  10321 10311 

K~*(1430) 325 315 

K* (1715 )  40323 40313 

K,(  17701 1O325 10315 

K.~(1780) 327 317 

K,~(20751 329 319 

D*(2010)"  413 

D*1211101 ° 423 

STABLE BARYONS 

p 2212 

n 2112 

3 ] . _  

X" 3222 
X n 3212 

Z -  3112 
~o 3322 

E 3312 

~ -  3332 

A *  4122 

" 4322 - ¢  

~ 4332 

x]) 5122 

NUMBERING SCHEME (Cont'd) 

OTIIER BARYONS 

\ (  1440)- 1'11 12212 

V{ 1440) ° I ' l l  12112 

V( 152111 1) 1t 2124 1214 

"""12.  22112 \ ' (1535) Sl j  ___ 

V'"I 2. 32112 \ '(16501 hll .__ 

.','(16751 I)15 2216. 2116 

1")'116. 12116 \ 1168[}} / 15 - -  
__ _1_14 \ (I 70()) I) 1~ "~'~ 124 "~ "~ 

\ ( 1710 )  PII  42212 .42112  

\ (17201 /'13 32124.31214 

~128 1218 . \12190) ¢il7 _ 

• _ _ _ 4  A(I '~P  / '  " " ") - ' -  33 
A(12321 " 1'33 2214 

A(I .3_)  1'33 _114 
3 A(I__3__) t'33 ~ 1114 

A(16211) S31 2222 2122 1212. 1112 

1___4 __14 12114, 11114 A(1700) 1)33 "~"" I"'~ 

A(19001 .S~I 12222 12212 12112 11112 

A(19051 t-t5 ___( _126 1216 1116 

A(Ig l0)  t'~1 22222 22212 22112 21112 

" " " " ~ " " 21 __114 A(1920) •'33 . . . .  4 ___14 ~" 114 

1___6 16 12116 11116 A( 19301 •)35 "~ "~ " 122 
A(1950) / x= 2228 2218 2118 1118 

k(1405) S() I 13122 

~.11520) 1)(] t 3124 
n'!, 3 ~  ',11600) f'ol _. l__ 

~.(1670) SOl 33122 

k(16911) 1) ~ 13124 

~.( 1801)1 %Ol 43122 

~(181[1) / 'o] 53122 

~(1820) 1. o5 3126 

%( 18301 I )  s 13126 

k( lgq01 / ' )~ 23 24 

',1210111 ¢,(p 3128 

',(21 IO) I'o5 23126 

"11385}" /'13 3224 

Z(1385)° / '13 3214 

"(1385) 1'13 3114 
"~ " 12 X(1660) /'11 3222 13_1_, 131 

P " 4  Z(1670) 1)1, ~ I . . _  13214. 13114 

"~ "~ "~ 12 "2117501 SII 23222. _3_1_ 231 

. _ _ o .  Z(17751 DI5 ~, ") "),~ 3216 3116 
..)-) 

~(1915) 1'15 13__6. 13216. 13116 

X(19401 DI3 23224. 232 4. 23114 
• ~, ,3 -(_0301 k i t  3228. 3218. 3118 

--115301 o /113 3324 

_v( 15301- t '13 3314 

--(1820) 13 13324. 13314 
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P L O T S  O F  C R O S S  S E C T I O N S  A N D  R E L A T E D  Q U A N T I T I E S  

NOTE: THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE "BEST" OR "MOST REPRESENTATIVE" DATA IN THE 

OPINION OF THE COMPILER.  THEY ARE NOT NECESSARILY COMPLETE COMPILATIONS OF ALL THE WORLD'S RELIABLE OATA. 
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The nucleon structure funcuons F 2 and x F  3 measured m charged-current neutnno and antmeutnno scattenng on ~ron (CCFRR, CDHSW) 
2 and marble (CHARM) targets, versus Q , for fixed bins of  x Ftlled symbols are read on the right-hand scale, open symbols (appeanng for 

alternate x values) on the left-hand scale Only stat]stlcal errors are shown R - e L / a  T - 0 is used m the CHARM data, and a QCD 
predtctmn for R Is assumed in the CCFRR and C D H S W  data The CHARM measurements have not been corrected for the recahbratmn 
of  the total n e u m n o  and antmeutnno cross sectmns m the CERN neutnno beam whmh was completed after the pubhcatlon of  these data 
References CCFRR - -  D B MacFarlane et a l ,  Z Phys C26, I (1984), C D H S W  - -  V Vallage, Thests, Umverslte  de Pans Sud, Orsay 
(1986) and Chr Gewemger,  private commumcatton,  C H A R M  - -  F Bergsma et a l ,  Phys Let, 123B, 269 0 9 8 3 )  and Phys Lett 141B, 129 
(1984) 
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The proton structure function F~ measured in 
electromagneuc scattenng of  electrons (SLAC- 
MIT) and muons (BCDMS, EMC) on hydrogen 
targets, versus Q2, for fixed bins o f x  The data 
have been muluphed by the factors shown on the 
left-hand figure for convemence  m plotnng Only 
statistical errors are shown R = a L / e T  = 0 21 is 
assumed m the SLAC-MIT data, R = 0 =n the 
EMC data, and a QCD pred~cuon for R m the 
BCDMS data Where necessary, the SLAC-MIT 
and EMC data were interpolated to the x bins of  
the BCDMS data References SLAC-MIT - -  A 
Bodek et a l ,  Phys Rev D20, 1471 (1979), EMC 
- -  J J AuberX et a l ,  Nucl Phys B259, 189 
(1985), BCDMS - -  A Ouraou, Thesis, Umver-  
site de Pans Sud, Orsay (1988) 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 

Structure Functions 
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Q2 (GeV 2) 

e 0 

The nucleon structure function [.~ measured in electromagnetic 
scattenng of muons on nron (BFP~ EMC) and carbon (BCDMS) tar- 
gets, versusQ2, for fixcd bins of v For v of 005 ,0125 ,0175 .  
0 275, 0 45, and 0 65 use the right-hand scale, othcrwnse use the left- 
hand scale Only statustJcal errors are shown R = aLter7  = 0 us 
used nn the BFP data. and a QCD predlctnon for R ~s assumed m 
the BCDMS and EMC data References BCDMS A Benvenutl 
e t a l .  Phys Left BI95,91 (1987), BFP - -  P D  Meyerset a I ,Phys  
Rev D34, 1265 (1986), EMC J J 4ubcrl et al,  Nucl Phys B272, 
158 (1986) 

1 8  

-,,,.. 

+ 

1 4 
t A  

1 2  I [~ I"~, 

+. 
1 • 

0 8  ~ ,  

0 6  ~t"3 

0 4  

¢ 
0 2  '~ i f" 

~m 

I 

0 0 0 2  

O,O CCFRR 

4k,A CDHSW 
i ,E3 CHARM 

• BCDMS x 1 8 / 5  
+ BFP x 1 8 / 5  

• A" EMC x 1 8 / 5  

10 GeV 2 < Q2 < 100 GeV 2 

~-~C03 

" ~  =" m 4 A ~ .  I . t .  - -  

0 6  0 8  

The structure functnons I.~. vF 3 and qt, measured m different 
expenments on lsoscalar targets as a function of Bjorken x The 
CCFRR, CDHSW. BFP, and EM(" data were ~aken wnth nron tar- 
gets, the CHARM data with a marble (CaCO 3) target, and the 
BCDMS data with a carbon target Only statistical errors are 
shown The CHARM and BFP collaborations assume R = ,T L / a l  
= 0. whereas a QCD predicuon for R Js assumed m the analysus of 
the C C F R R ,  CDHSW, BCDMS. and EMC data The electromag- 
netic structure function t.'~ ~' is compared to the charged-current 
structure function /"('%" co"rrectnng for the average squared quark 
charge 5/18 No correctnons have been apphed for the dxffcrcnce 
between the strange and charmed quark sea References CCFRR 
- -  D B MacFarlane c t a l ,  Z Phys C26, 1 (1984). CDHSV¢ .- x,, 
Vallage. Thesis. Umverslte de Pans Sud. Orsay (1986) and Chr 
Gewcmger. prnvate communlcatnon. CHARM F Bergsma el al. 
Phys Left 123B, 269(1983) and Ph.,,s l,ett 141B. 129(1984), 
B C D M S - -  A Benvenutnetal ,  Ph,,s Let/ BI95.91 (1987).BFP 
- - P D  Meyerse ta l .  Phys Re'.' D34, 1265 (1986), EMC J J  
A u b e r l e t a I , N u c l  Phys B272. 158 (1986) 
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" E M C "  Effect 
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The ratm of nucleon structure funcuons F ~  (.r)/F D ( r )  for nuclear targets A compared to deuterium D, measured in deep melasnc elec- 
tron (SLAC-EI39) and muon (BCDMS, EMC) scattering (a) medtum-weLght targets (A = N, C), (b) heavy targets (A = Fe, Cu) O n b  sta- 
usncal errors are shown The SLAC-E139 data were evaluated as cross section ranos 6A/G D but are equal to structure funcuon ratios ff R 
= aL/tr T Is independent of A References BCDMS - -  (; Ban et al, Phys Lctt 163B. 282 (1985), and A C Benvenutl el al, Phys Left 
B189, 483 (1987), EMC --  J Ashman el al,  CERN-EP/88-06 (1988), SLAC-E139 R G Arnold el al,  Phys Re',' Lelt 52, 727 (1984), 
and SLAC-PUB-3257 (1983) 
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Average multlphctty as a funcUon of V'~ for p~ at the sfips for pp 
at the ISR, (open circles) and for e+e Sohd curve ts a fit by 
Thome et al to their data (solid circles) with the form (Nch) - 
0 88 + 0 44 ,On s + 0 118 ((n s)2 e" e - data points have been 
combined to reduce overlap, errors (not shown) are dominated by 
10%-25% systematic effects References p~ - -  G J Alner et al,  
Phys Lett 138B, 304 (1984), pp - W Thome et al,  Nucl Phys 
B129, 365 (1977), W M Morse et al,  Phys Rex, DIS, 66 (1977), 
andJ  BeneckeetaI ,Nucl  Phys B76.29(1974) ,e+e - - 
ADONE C Baccl et al,  Phys Lelt 86B. 234 (1979), MARK II 
J L Slegnst et al, Phys Rex, D26, 969 (1982), LENA 
B Nlczyporuk et al,  Z Phys C9, 1 (1981), and TASSO 
M A l t h o f f e t a I , Z  Phys C229.307(1984) 
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES 

Jet Production in pp and ~p Interactions 
i • • : i i i i [ : i i 
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Pseudorapidity in ~p Interactions 
i i i I i 

D]fferentml cross sectmns for observatmn of a single jet of rapidity 
y = 0 as a functmn of the jet transverse momentum ISR (pp) and 
S~-pS colhder (/Sp) data compared Error bars include a contribu- 
tion due to estimated systematic error m defimng jet d~recuon and 
P I  Sohd curve QCD predJctmn, refer to the "'Cross-Section For- 
mulae for Specific Processes" sectmn and the "Quantum Chromo- 
dynamics'" sectmn m the full-sized edmon References ISR - T 
Akesson et al,  Phys Lett II8B, 185 (1982), UA2 - P Bagnam et 
al, Phys Lett 13811, 430 (1984), and P Bagnam et al, Z Phys 
C20. 1 1 7 ( 1 9 8 3 ) , U A I - G  A r m s o n e t a I , P h y s  Lett 123B, 115 
(1983a). and G Armson et al,  Phys Lett 132B. 144 (1983b) 
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Companson of the d~smbutmn of the pseudorap]&ty 
r; = - / ' n  (tan Ocm/2 ) for charged-panicle productmn 
m proton-anuproton colhsmns at ~ = 53 GeV (1) 
and 540 GeV (2) References (I) K Alpgard et al, 
Phys Lett II2B, 209 (1982), (2) UA5 Collaboration, 
presented by J Rushbrooke m the Proceedings of  the 
XI V lnternattonal Symposium on Multtparttcle 
Dynamws, eds J F Gumon and P M Yager (World 
Scientific Pubhshmg Co,  Singapore. 1984) 
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The cross secuon (s//~) d a / d :  versus : for producing a hadron h 
m e + e -  anmhdauon, measured m d,fferent experiments, for fixed 
energaes Q2 = s This quantny ~s closely related to the fragmenta- 
uon funcUon D~(:,  Q2) as d~scussed m the "Cross-Secuon Formu- 
lae for Speofic Processes" sectmn Note that we use 
z = (E + p,~)hadron/(E + p ;)quark" whereas some experiments use 
: = Ehadron/Ebeam or 

2 _ m2ad )1/2 : = Phadron/(Ebeam The data are shown for ptons 
(smglet term) The data for heavy quarks are frequently 
paramemzed by the Peterson et al form, D(z)  = 
Nz (l - z)2/[(l  - : )  2 -+- (Lz ]2 The parameter (~ for quark type t 
depends on ~ s  and upon t'he heavy qu.a~k mass At ~ ~ 30 

+o uu3 GeV, c b =0006_+0002,% = 0 0 0 6 _ 0 0 1 5  Curvescorespondmg 
to these values (N ]s chosen arbltranly) are shown on the figure 
References C Peterson et al,  Phys Rev D27, 105 (1983). TPC -- 
H Alhara et al,  Z Phys C27. 495 (1985), and J Chnn, Z Phys 
C36, 163 (1987) 
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ton or '.qa the Z ° The denominator is the calculated QED single-photon process, see the section on ('ross-~,ectlon Formulae for Specllic 
Processes Radtaw,,c corrections and, where ~mportant, corrections for two-photon processes and T production ha',e been made Note thal 
the ADONE data ("f32 and ME-~) is for :-23 hadrons The pomts in the ~.(3770) region are from the M A R K  ] -. lead (;lass ~'all e \pcn-  
ment To preserve clarity onl', a representattve subset of the available measurements ~s shov.n .-- references to addmonal data arc" included 
below ,Mso for clarn~ some points have been combined or shifted shghtl.,. (-~4%) m l:'cm and some points v.lth Io~ slallstlcal stgmfi- 
canoe have been omttled Syslematlc normahzatJon errors are not included, thc~ range from ~5 - 20%. depending on c\pertmcnt \~,c 
caution that espec~all.,, the older experiments tend to have large normahzat~on uncertainties Nole the suppressed zero The horizontal 
extent of the plot s,.mbols has no slgmfieance The posmons of the , l / ,~(IS) a(2.S') and the four Iov, est T '.ector-meson resonances are 
indicated Two curves are overlaid for Ecm .> II GeV, sho~mg the theoreucal predlcm)n for R including hagher order Q( 'D [M Dmc 
and J Saplrstem Ph.~s Rev Left 43, 668 (1979)] and electrov, eak correcuons The Io~cr cur~c Is "~lth ~'Q('I) - 100 McV and the upper 
curve ~s for '~Q('D = 300 MeV References (including several references to data not appearing m the figure and some references to prchm- 
maDdata)  -~l%IY- H Sagawaeta l .  Ph,,s Re', Lett O0 93(1988LCH.LO H-J Behrendetal Ph~s l.ett 144B, 29v(984)  ~nd 
H-J Behrendeta l .  Phys Left 183B 400(1987),CI.EO.--  R ( idese taI .Ph .~s  Rev D29. 1285(1984) a n d D  Bessonctal Ph~s Re~ 
Left 54,381(1985) CL'SB E R~ceetal .  Phys Re~ Left 48 906(1982) CRYSTALBAI.1. -~ Osterhcld et aI.SI.-~C-P{ B-4160 
submlt ted toPhys  Re', D(1986),DASP R Brandehketal ,  Ph.~s Left '76B 361 (1978) [ )ASPl l  Ph,.s l.ctt 116B 383 (1982) 
DCI G Cosine el al Nucl Phys BI52, 215 (1979) DHH'%I P Book et al (I)ESY-Hamburg-Hetdelberg-MPI M ) Z Ph)s ('6. 125 
(1980).'y'y2 .... (" Bacc~etal. Phys Lett 86B. 234 (1979).11RS - - D  Benderetal Ph~s Re~ D31. I (1985), JADE - \V Bartelctal 
Phys Lett 129B, [45 (1983). and W Barteletal Ph.',s Leu 1601],337(1985) LENA- -  B Nicz.,,poruketal Ph~s [.ell 99B 169(19gl) 
and Phys Re'.' Left 46. 92(1981) MAC E Fernandezeta l .  Ph,.s Re,." D31. 1537 (1985) M A R K J  B . \dc ' ,ac!al  Ph.~s Re; 
Left 50.799(1983),and B Adevae ta l .  Ph,.s Re,. D34 681(1986) 3,1ARK I - J L  Slegnstetal  F'h.,.s Re: [)26 '96~1(1982) ),I.'~RI~ I 
+ I,eadGl,-,ss~.Vall-- PA Rap~d~setal Ph',s Re'. Left 39.526(1977) a n d P A  Rapld~s thesls, S[..k('-Rcport-220(1979) 3,1ARKIi 
J Patnck, Ph D thes~s LBL-14585(1982) ~,IEA B Espos~loetal . l .e t t  Nuo'.o( '~mento 19.21 (1977) PLUTO . . . .  \ B(1977) 
(" Gerke, thesls Hamburgl..lnw (1979).Ch Bergeret al Ph,.s Left 81B 410(1979) and ~,' Lackas thes~s RVCTH .X, achen [)ILS"~ 
Pluto-81/II(1981) .TASSO.-  R Brandehketal Phys l.ett 113B 4c)9(19g2),and M .\lthoffctal Ph~s I.elt 138B 441 (19841 
TOPAZ l Adach~etaI .Ph ' , s  Re'. Left 60 ,97(1988) .andVE'~l . .S .  | t  Yosh~daetal I'h!,s [..eli 198B 570(1987) 
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PLOTS OF C R O S S  S E C T I O N S  AND R E L A T E D  Q U A N T I T I E S  (Cont 'd)  
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r~ghl gP,'e averages for other h,gh energ', measurements References ( I)  D B MacFarlanc el al Z Ph~s 
(`26, I (1984).(2)P Bergeetal Z Ph~s {'35 443(1987),(3)J Mor f ine ta I .Ph , ,s  [.ett 11)4B 235(1981) 
(4) D C  (,olle) etal  Z Ph.~s ('2 187(1979) (5)O Ernque/e ta l  Ph,.s Lett 80B, 309 (1979), (6) A S 
Vovenkoeta l  So', J Nucl Ph)s 30 527(1979) , (7)DS Barano', etal Ph'.s Left 81B 255(1979) , (8 ) (  
Baha', etal,I)h2.s Re: l_.ett 44 916 (1980). (9) S ("~ampohlloclal I)hvs I.ett 84B 281 (1979).( '0)SJ 
Bar~sh et al Ph.,.s Re'. D19 2521 (1979) (11).I V Allab', et al -Total (`ross Sections of('harged-('urrent 
Neutrino and Anti-Neutrino Interactions on Isoscalar NucleL'" (,ERN-EP/87-225 (1987), to Ix" puhl in 
Z Ph~,s C Ep=  10 160GeV (12) P Bosett, etal  Ph.',s Lett IIOB. 167(1982) Eu=20-2OOGcV as 
revised m M Aderholzeta l  Ph~s Left 1'73B. 211 (1986) (13)T  Ki lagak~etal .  Phys Re,. LelI 49 98 
(1982) E v= 10-200GeV (14) NJ Bakere ta l .  Ph',s Re', Left SI. 735 (1983),Lp = 10-240(.ieV (15) 
G N  Ta,, Ioretal  Ph~s Re'. [.ett 51 739(1983}.E~,=5 250GeV.( I6 )  NJ Bakere la l .  Ph~s Re~ I)25. 
617(1982) /-l, = I 6 -10GeV Courtes.~, M H Shae,.itz (o lumhla lJm','ersJt? (Nev)s l.aborator,.) 



121 

PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
Hadron Cross Sections 

High-energy Parametrlzatlons 
The CERN-HERA Group has done a least-squares fit to the cross section m the high-energy region for each of the hadron reactions 

plotted below The parametnzatlon they used was a z A + Bp n + C#n2(p)  + D#n(p) ,  where tr is m m b  and p is m GeV/c The best-fit 
coeffioents A,  B,  C,  and D and the fitted exponent n are tabulated here The errors m these parameters are highly correlated, this should 
be taken into account before making any changes The apphcable momentum range is given m the right-hand column 

Reactlon 

Ap (total) 

Ap (elastic) 

3'P (total) 

3'd (total) 

• "+p (total) 

• "+p (elastic) 

~r+d (total) 

~ ' -p (total) 

~ ' -p (elastic) 

r - d  (total) 

K+p (total) 

K+ p (elastic) 

K + d  (total) 

K+n (total) 

K - p  (total) 

K - p  (elasttc) 

K - d  (total) 

K - n  (total) 

pp (total) 

pp (elasttc) 

pd (total) 

pd (elastic) 

np (total) 

~-p (total) 

pp (elastic) 

ffd (total) 

fin (total) 

fin (elasuc) 

A B n C D 

Momentum 
range (GeV/c) 

Pmm - Pmax 

0152_+0005 -00168_+00200 - I  70_+471 000245±000033 -00192_+00026 30-183 

0313_+0009 -0000124_+0000091 190_+025 00165±00058 -00719_+00141 2 0 - 1 7 8  

321+_02 48700_+5910 -785_+025 0540+_0015 -441_+011 400-340 

7 0 7 ± 0 4 3  113_+12 -160_+086 0160_+0032 -156+_024 20-250 

592_+1 7 363±104 -270_+283 0775_+0098 - 6 5 4 ± 0 8 3  60-340 

33 1 ±0 3 15 0_+ I 0 -1 41 _+0 50 0 458_+0 018 - 4  06_+0 15 2 5-370 

I 73±009  11 2+_03 -063_+0 15 00437+_00040 0 20-360 

41 7_+0 3 44 0_+ I 5 - 0  80_+0 15 0 150_+0011 0 2 5-370 

1 7 1 ± 0 3  554_+139 -267+_209 0139_+0039 - 0 2 7 0 ± 0 2 2 9  20-310 

5 84±0 13 17 2_+0 5 - 3  06_+0 40 0 206_+0 016 - 1 71 _+0 10 I 5-250 

35 3±0  3 23 5_+7 0 - 4  34_+8 18 0 397_+0 028 - 1 47_+0 18 2 0-310 

1 8 4 ± 0 3  175±136 -785 -+025  0198±0026  -0753_+019 20-310 

-21 1 _+8 7 56 2_+9 1 - 0  27+_0 96 - 0  155_+0 135 6 24_+ 1 94 3 0-310 

7 2 4 ± 0 1 2  4 6 0 ± 4 2  -471_+142 0279+_0015 -235_+0089 20-175 

461_+1 6 26 1_+35 -1 14±1 21 0569_+0089 - 4  17_+076 30-310 

-1040_+ 100 1060_+ 100 - 0  03_+044 0 27 8_+2 7 2 5-310 

45 6_+0 I 219_+9 - 4  23+-0 92 0 410+-0007 - 3  41 _+0 06 3 0-2100 

1 1 2 ± 0 3  25 5_+10 -1 12_+028 0151+_0011 -162_+012 20-2100 

9 2 2 ± 0 3  -00811_+00260 074_+1 42 I 36±010  -982_+037 30-370 

-237+_426 252_+424 0 07_+6 00 - 0  506_+ 1 39 -20  3_+28 5 2 0-384 

47 7_+0 1 - 100_+2 - 4  57±040  0 512_+0010 - 4  29_+006 20-280 

41 1_+1 2 772_+29 -068_+0 14 0293_+0024 -1 82_+034 50-432000 

106-+04 53 I_+1 25 - I  19_+010 0136_+0012 -141_+014 20-159000 

112_+3 1 2 5 _ + 6  -108_+030 1 15_+0 19 -126_+1 6 20-280 

41 9+_09 962_+42 -099_+0 16 -0154_+0208 0 1 13-280 

375_+62 -263_+16 1 -258_+24 16 - 1 2 6 - + 4 3  0 1 13-555 

180_+14 0 1 2 1 + 0 0 2 4  -392_+1 10 638+_054 0 0120-210  

349±1 45 262_+77 - I  01±2 57 0 0 2 0 - 2 4 0  



1 2 2  

P L O T S  OF C R O S S  S E C T I O N S  A N D  R E L A T E D  Q U A N T I T I E S  (Cont 'd )  
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PLOTS OF CROSS SECTIONS AND RELATED QUANTITIES (Cont'd) 
Hadromc Cross Sections 
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